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Estadísticos Vitales de Trialeurodes vaporariorum (Westwood) (Hemiptera: Aleyrodidae) a Diferentes
Condiciones Ambientales en Dos Cultivares de Fríjol
RESUMEN - Se determinaron los estadísticos vitales de la mosca blanca Trialeurodes vaporariorum
(Westwood), una plaga importante del cultivo del fríjol en Colombia, en cámara ambiental en dos
cultivares (cv.) de fríjol. La longevidad media de T. vaporariorum en el cv. Chocho fue mayor a 19°C
(22.6 d), intermedia a 22°C (17.5 d) y menor a 26°C (5.9 d). En el cv. ICA-Pijao la longevidad media
fue de 35.5 d a 19°C. La fecundidad media total fue 8.6, 32.6 y 33.3 huevos por hembra a 19, 22 y
26°C, respectivamente en el cv. Chocho. La fecundidad en el cv ICA-Pijao fue mucho más alta, 127.
2 huevos por hembra, a 19°C, que la del cv. Chocho. La tasa intrínseca de crecimiento poblacional (rm)
fue más alta a 22°C (0.061), intermedia a 19°C (0.044) y más baja a 26°C (0.035) en el cv. Chocho.
Ella fue de 0.072 a 19°C en el cv. ICA-Pijao. Se comparan los estadísticos vitales de T. vaporariorum
con los de su enemigo natural, el parasitoide Amitus fuscipennis MacGown & Nebeker y se zonifica
la distribución del parasitoide en el Valle del Cauca, Colombia.
PALABRAS CLAVE: Mosca blanca de los invernaderos, fecundidad, Phaseolus vulgaris, Amitus
fuscipennis
ABSTRACT - Life-history parameters of the greenhouse whitefly Trialeurodes vaporariorum
(Westwood), an important pest of bean crops in Colombia, were determined in environmental control
chambers on two dry bean (Phaseolus vulgaris) cultivars (cv.). Trialeurodes vaporariorum longevity
on cv. Chocho decreased as temperature increased from 22.6 d at 19°C to 5.9 d at 26°C. Fecundity was
significantly lower at 19°C (8.6 eggs/female), as compared to 22°C (32.6 eggs/female) and 26°C (33.3
eggs/female) on cv. Chocho. Fecundity on cv. ICA-Pijao was much higher (127.2 eggs/female) than
on cv. Chocho (32.6 eggs/female) at 19°C. The intrinsic rate of population increase (rm) was highest at
22°C (0.061), intermediate at 19°C (0.044) and lowest at 26°C (0.035) on cv. Chocho, and was 0.072
on cv. ICA-Pijao at 19°C. Life history parameters of T. vaporariorum are compared to those of one of
its natural enemies, the parasitoidAmitus fuscipennisMacGown&Nebeker. Finally, data are presented
on the distribution of the parasitoid related to the altitude for the Valle del Cauca, Colombia.
KEYWORDS: Greenhouse whitefly, fecundity, Phaseolus vulgaris, Amitus fuscipennis, IPM
The greenhouse whitefly, Trialeurodes vaporariorum
(Westwood), is an important pest especially in vegetable
and ornamental crops (van Lenteren &Martin 2000).Adults
and nymphs feed on phloem sap, excreting large amounts
of honeydew that favors the development of sooty mould,
which reduces plant photosynthesis (Lindquist et al 1972). In
Colombia, greenhouse whitefly is a key pest on dry and snap
kidney beans (Phaseolus vulgaris) (Rodriguez & Cardona
2001, Quintero et al 2001).As a result, Colombian bean crops
are heavily sprayed (average of 10 times per cropping season)
with chemical insecticides to control this pest (Rodriguez &
Cardona 2001).
The presence of three mountain ranges of the Andean
mountain range in Colombia offers a landscape of
kidney bean cultivation at different altitudes. Surveys in
Colombia and Ecuador have shown that T. vaporariorum
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is the dominant whitefly species distributed in the tropical
highlands of the Andean region between 2000 m.a.s.l. and
2830 m.a.s.l. (meters above sea level) (Quintero et al 2001)
where the average temperature and relative humidity (RH) are
around 19#C and 80%, respectively. The pest is also present
on crops established around 1000 m (inter-Andean valleys)
in combination with other whitefly species (Quintero et al
2001), where average temperature ranges from 22°C to 24#C,
with a relative humidity around 74%.
In Colombia, the greenhouse whitefly is parasitized by
an endemic natural enemy, the parasitoidAmitus fuscipennis
MacGown & Nebeker (Hymenoptera: Platygasteridae),
which has been evaluated as a potential biological control
agent of the greenhouse whitefly on kidney beans (Manzano
et al 2000) and tomato in Colombia (DeVis et al 2002). One
criterion used to evaluate the potential of natural enemies
for controlling a pest is that the intrinsic rate of population
increase (rm) of the control agent has to be at least equal to
the pest’s population growth rate, therebymaking biological
control feasible (van Lenteren &Woets 1988).
At least 37 commercial kidney bean cultivars are grown in
Colombia and more than 60 bean lines have been improved
agronomically (Voysest 1983). To test the potential effect of
host plant on the rm value of T. vaporariorum, two different
cultivars were used, cv. Chocho and cv ICA-Pijao. Chocho is
an important commercial cultivar that is grownmainly in the
hillside areas of Tenerife, Valle del Cauca, Colombia, while
cv. ICA-Pijao is well adapted to greenhouse conditions and
is less susceptible to microbial infections.
We measured the rm values of T. vaporariorum in
environmental control chambers, which were set to simulate
the climate found at the hillside and lowland bean-cropping
regions. The rm values of the parasitoid and its host were
compared to determine those altitudinal zones and kidney
bean cultivars where A. fuscipennis is likely to be most
efficient as a biological control agent of the greenhouse
whitefly. The earlier published rm values of A. fuscipennis
were obtained under similar climatic conditions on cultivars
ICA-Pijao and Chocho with T. vaporariorum as a host
(Manzano et al 2002).
Material and Methods
Plant and whitefly cultures. Plants of the kidney bean P.
vulgaris cv. Chocho and cv. ICA-Pijao were grown in a
greenhouse at 25 ± 5°C, 40-80% RH and at least 12h light
per day. Plants used were 15 days old and were not fertilized
or sprayed with chemicals.
Trialeurodes vaporariorum adults were obtained from a
colony established on kidney bean plants (cv. ICA-Pijao) at
the Centro Internacional deAgricultura Tropical (CIAT). The
whitefly colony at CIAT was originally collected from snap
bean fields in Fusagasugá, Colombia. The whiteflies were
reared at 23 ± 1°C, 40-80% RH and 12L:12D.
Adult longevityandreproduction.Trialeurodesvaporariorum
newly emerged adults were sexed and caged by pairs in clip-
cages (inner diameter = 2.5 cm). Every 48h, the clip-cagewith
the test insectswasmoved to a new leaf area until all the female
insects died. Fecunditywas estimated by counting the number
of eggs laid in each period of 48h. The caged adults were kept
in environmental control chambers under different temperature
and humidity conditions. Cultivar Chocho was kept at 19°C,
75 " 5% RH; 22°C, 72 " 6% RH; 26°C, 75 " 5% RH, and cv.
ICA-Pijao was kept at 19°C, 75 " 5% RH.
Immature development and survival. Approximately
40 adults of T. vaporariorum were placed in clip-cages
(inner diameter = 2.5 cm), which were then put on leaves
of each cultivar. After 10h, adults were removed and about
100 eggs coming from two or three different groups of T.
vaporariorum females were allowed to develop under the
same conditions as previously described.Developmental time,
percentage immature survival and proportion of females of T.
vaporariorum were recorded.
Demographic parameters. Immature developmental time,
percentage of immature survival and proportion of females
were combinedwith reproduction experimental data to estimate
life table parameters for calculation of T. vaporariorum
demographic parameters, as defined by Price (1997): net
reproductive rate (Ro), which represents the number of female
descendants that an average female produces in one generation,
and generation time (T) that is equivalent to the mean period
between the birth of parents and birth of offspring.The intrinsic
rate of population increase (rm) forT. vaporariorum at different
climatic conditions was also calculated using the equation
given by Carey (1993):$ exp(-rmx)lxmx = 1, in which x is the
age, lx is the age-specific survival andmx is the proportion of
females produced by a female at age x. According to Carey
(1993), pivotal age,which is x+0.5,was used in the calculation
of rm values.
The rm values of T. vaporariorum were measured
simultaneously for ICA-Pijao and Chocho cultivars at
19#C and 75 " 5% RH. These conditions were chosen for
ICA-Pijao in order to compare this rm value with that of A.
fuscipennis previously determined (Manzano et al 2002).
For the T. vaporariorum experiment, the rm value at 22°C,
72 " 6%RHwas calculated assuming 25% as the proportion
of females based on the proportion of females reported at
19°C and 26#C.
Distribution of T. vaporariorum and A. fuscipennis in
Valle del Cauca, Colombia. Amitus fuscipennis and T.
vaporariorumwere collected on dry and snap kidney beans in
different areas of Valle del Cauca, Colombia. Based on tested
life history parameters of T. vaporariorum, a zoning map was
made forValle del Cauca. Localities whereA. fuscipenniswas
collected in Valle del Cauca were drawn in the map to match
parasitoid-host climatic adaptation.
Data analyses. Differences between mean longevity and
fecundity valueswere compared using theKruskal-WallisOne
WayAnalysis ofVariance (ANOVA) onRanks followed by all
pairwise multiple comparison procedures (Student-Newman-
Keuls test). Oviposition rates were compared using one-way
ANOVAfollowedbyStudent-Newman-Keuls test.Differences
in developmental time were tested using the Kruskal-Wallis
One Way ANOVA on Ranks followed by pairwise multiple
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comparisons (Dunn’s method). For comparison of survival
rates, !2- tests were used.
Results
Adult longevity and fecundity. Longevity of T.
vaporariorum females decreased as temperature increased.
T. vaporariorum longevity on cv. Chocho was shortest at
26#C (5.7 d), and the longest longevity on cv. ICA-Pijao
was observed at 19#C (35.5 d). Mean longevity differed
significantly among temperatures and kidney bean cultivars,
except for values on cv. Chocho at 19#C and 22#C (P <
0.0001) (Table 1, Fig 1).
Fecundity was affected by temperature and kidney bean
cultivars (P < 0.0001), except for values on cv. Chocho at
19#C and at 22#C (Table 1, Fig 2). Differences in fecundity
between cv. Chocho and cv. ICA-Pijao at 19#C can be
clearly observed in the reproduction curves: oviposition
on cv. ICA-Pijao is much higher and oviposition continues
for a longer period of time (Fig 3). Oviposition rate was
significantly different among treatments (one-wayANOVA,
P < 0.0001), except for the comparison between females on
cv. Chocho at 19°C and 26#C (1.4 for both conditions, P >
0.05) (Table 1).
Trialeurodes vaporariorum had similar longevity and
fecundity at tropical highland conditions (19°C, 80%RH) as
at inter-Andean valley conditions (22#C, 74%RH). However,
at a constant temperature of 26°C, combined with a relative
humidity of 75%, longevity, fecundity and survival rates were
much lower than at 19°C and 22°C (Table 1).
Immature development and survival. Trialeurodes
vaporariorum survival (!2 = 77.7, df = 3, P < 0.0001) and
development time (Kruskal-Wallis one way ANOVA on
ranks P< 0.0001, followed by Dunn’s method, P< 0.05) were
affected by climatic conditions and the kidney bean cultivars
tested (Table 2). Female emergence was only around 20% at
19#C on both cultivars, and a little higher (28%) at 26#C on
cv. Chocho (Table 2).
Demographic parameters. There were no large differences
between reproduction data on cv. Chocho at 19°C (Ro = 6.2)
and at 22#C (Ro = 8.3). The rm value was lower (0.044) at
19°C than at 22°C (0.061). Reproduction decreased for the
same cultivar at 26°C with Ro and rm values at 2.3 and 0.035,
respectively. The main difference was found for values of cv.
Chocho at 19°C (Ro = 6.2, rm = 0.044) and those of cv. ICA-
Pijao under the same environmental conditions (Ro= 26.7 and
rm=0.072).Generation time (T)was highest (49.6) on cv. ICA-
Table 1 Mean longevity (days), fecundity (eggs/female) and oviposition rate (eggs/female/2 days) of Trialuerodes
vaporariorum at different temperatures (°C) and bean cultivars (cv).
1Kruskal-Wallis test P < 0.0001, followed by Student-Newman-Keuls test P < 0.05.
2One-way ANOVA P < 0.0001, followed by Student-Newman-Keuls test P < 0.05.
Averages followed by different letters within a column are significantly different.
Cultivar Temperature n Longevity1 (mean ± SE) Fecundity1 (mean ± SE) Oviposition rate 2 (mean ± SE)
Chocho 19 36 22.6 ± 1.63 a (IV: 6-40) 32.6 ± 3.85 a (IV: 5-89) 1.4 ± 0.14 ac (IV:0.3-4.5)
22 31 17.5 ± 1.76 a (IV: 6-36) 33.3 ± 4.28 a (IV: 8-94) 1.9 ± 0.19 b (IV: 0.6-3.7)
26 27 5.9 ± 0.47 b (IV: 2-10) 8.6 ± 1.49 b (IV: 1-31) 1.4 ± 0.14 c (IV:0.3-3.3)
ICA-Pijao 19 31 35.5 ± 2.27 c (IV: 14-52) 127.2 ± 9.69 c (IV: 3-261) 3.6 ± 0.15 d (IV: 2.3-5.1)
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Fig 1 Survival of Trialeurodes vaporariorum on cv Chocho
at different climatic conditions.
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Fig 2 Reproduction of Trialeurodes vaporariorum on cv
Chocho at different climatic conditions.
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Pijao and shortest (24.7) for cv. Chocho at 26#C (Table 2).
Distribution of T. vaporariorum and A. fuscipennis in
Valle del Cauca, Colombia. Distribution of A. fuscipennis
in combination with a temperature zone map for T.
vaporariorum is shown in Fig 4. Amitus fuscipennismatches
its distribution to 19-22#C except for Lomitas (Pradera)
where average temperature is above 22#C. The average
temperature of Tenerife is lower than 19#C, but the parasitoid
is present.
Discussion
The temperature effects observed for T. vaporariorum
follow the same trend of that reported by several authors,
whom reported a negative effect on whitefly survival and
adult longevity as temperature increased (Madueke 1979,
Collman &All 1980, van Roermund & van Lenteren 1992).
There are few data concerning the effects of kidney beans
as a host on the reproductive capacity of T. vaporariorum
at similar conditions as tested here (e.g., Madueke 1979),
making any specific comparisons difficult. However, the
drastic effect of different hosts on greenhouse whitefly
reproduction and population growth potential can easily be
observed when looking at the differences in rm values for T.
vaporariorum on different host plants (Zabudskaya 1989,
Yano 1989, Romanow et al 1991).
Trialeurodes vaporariorum is well adapted to tropical
highland conditions (19°C, 80% RH) as well as at inter-
Andean valley conditions (22#C, 74% RH); an outcome
supported by field surveys carried out by Quintero et
al (2001). However at higher temperature and relative
humidity conditions, survival of whitefly decreases. These
latter climatic conditions are found in the northern coastal
area of Colombia with tropical lowland conditions where
RH can be higher than 80%. Trialeurodes vaporariorum
is absent in this area but other whitefly species are present,
like Bemisia tabaci (Gennadius) biotype B on vegetable
crops (Rodriguez et al 2005), Bemisia tuberculata Bondar,
Trialeurodes variabilis (Quaintance) and Aleurotrachelus
socialis Bondar on cassava (Cardona et al 1998). Recently,
it was found that T. vaporariorum possesses less tolerance
to higher temperatures than B. tabaci biotype B, probably
linked to the expression of heat shock protein genes (Wan
et al 2009).
In our experiments, a strongly male-biased sex ratio was
found for T. vaporariorum. We did not find the ‘normal’ sex
ratio of 1:1 mentioned by van Lenteren & Noldus (1990).
Our results cannot be easily explained because sex ratio in
T. vaporariorum is thought to be independent of temperature
and host-plant species (van Lenteren & Noldus 1990, van
Roermund & van Lenteren 1992). Van Roermund & van
Lenteren (1992) summarized several data from different
authors on different host plants including kidney bean and
reported an average value for sex ratio of T. vaporariorum
of 0.538 (or 53.8% females).
Our results show considerable differences in life-history
parameters between the kidney bean cultivars ICA-Pijao
and Chocho. One possible explanation for this outcome is
that whiteflies used in our experiments came from a colony
established at CIAT for five years on cv. ICA-Pijao, and T.
vaporariorum may have been adapted to this bean cultivar
and, thus, performed better on cv. ICA-Pijao than on cv.
Chocho.
Van Lenteren & Noldus (1990) found that a T.
vaporariorum strain originating from tomato and reared for
three generations on sweet pepper had a higher fecundity on
Cultivar Temperature N
Development time1
(Mean ± SE)
Survival rate2
(%)
Proportion of
females (%)
rm 3 Ro4 T5
Chocho 19 77 29.3 ± 0.15 a 97.4 a 19 0.044 6.2 42.3
22 131 24.7 ± 0.16 b 81 b 256 0.061 8.3 36.1
26 75 20.3 ± 0.18 c 52.3 c 28 0.035 2.4 24.7
ICA-Pijao 19 46 30.4 ± 0.18 d 74 d 21 0.072 26.7 49.6
Table 2 Demographic parameters of Trialeurodes vaporariorum on bean cultivars ICA-Pijao and Chocho at different
temperatures (ºC).
1Kruskal-Wallis P < 0.0001 followed by Dunn`s test P < 0.05; 2 x2 = 77,7, 3 df, , P < 0.0001; 3 Intrinsic rate of population
increase; 4Net reproductive rate; 5Generation time (d); 6Value assumed. Averages followed by different letters within a column
are significantly different.
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Fig 3 Reproduction of Trialeurodes vaporariorum on
ICA-Pijao and Chocho bean cultivars at different climatic
conditions.
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sweet pepper than did the original strain.Adifferent whitefly
species, B. tabaci biotype B increased its oviposition rate
after being reared for five generations on different host
plants starting with bean and finishing with cassava passing
through two Euphorbiaceae species (Carabali et al 2005).
These results indicate that rearing for some generations
on a host plant may facilitate the adaptation of whiteflies
to a different host plant. Based on the above discussion
concerning the possible adaptation of whitefly strains during
exposure for several generations to a new cultivar, we propose
further testing to find out if the poor performance found for
T. vaporariorum on cv. Chocho is permanent or disappears
within a few generations.
According to field surveys, parasitoid distribution inValle
del Cauca matches with areas along 19°C to 22°C where its
host T. vaporariorum is also well adapted, corresponding
to both inter-Andean and tropical highland conditions.
Longevity of A. fuscipennis is negatively affected by dry
or warm environments (Manzano et al 2000). As shown in
the map localities as Lomitas (1180 m.a.s.l.) where average
temperature is above 22°C, the parasitoid is scarce and
Encarsia nigricephala Dozier is the dominant parasitoid
Fig 4 Distribution of Amitus fuscipennis in Valle del Cauca, Colombia. For the locations Darien, Regaderos, El Dovio and
Versalles, and based on a kidnay bean cropping season of 120 days, 2.7 generations of Amitus fuscipennis and 2.4 generations
of Trialeurodes vaporariorum are estimated to develop on cv ICA-Pijao. For cv Chocho, the estimates are 2.9 generations of A.
fuscipennis and 2.8 of T. vaporariorum. For Lomitas, 4.4 and 3.3 generations are estimated for the parasitoid and its host respectively
on cv Chocho. For Tenerife no estimates can be made with the available information.
Data source: www.worldclim.org
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species of T. vaporariorum (Manzano et al 2003). On
the other hand, in Tenerife, Valle del Cauca, located at
tropical highland were average temperature is below 19°C,
both the parasitoid and T. vaporariorum are abundant
(Manzano 2000). Besides Valle del Cauca, A. fuscipennis
has been collected in Rionegro (Antioquia) and Sumapaz
(Cundinamarca) at altitudes above 1500 m in the tropical
highlands (Manzano 2000).
We measured the rm value of A. fuscipennis under the
same experimental conditions and with the same kidney
bean cultivars as in the present study, and found that the rm
values of the parasitoid were higher than the rm values of T.
vaporariorum (Manzano et al 2002). On cv. Ica-Pijao the
parastioid’s rm value was 0.117; on cv. Chocho rm values were
0.102 and 0.144 at 19#C and 22#C respectively.Van Lenteren
&Woets (1988) proposed that an efficient parasitoid should
have a potential maximum rate of population increase (rm)
equal to or larger than that of its host to keep up with growth
of the pest population in inoculative or seasonal inoculative
biological control programs.
Our results suggest that based on the reproductive
parameters alone,A. fuscipennismay controlT. vaporariorum
populations at inter-Andean and tropical highland
conditions.
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